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原位(时间分辨)FTIR 光谱深入研究了 Pt 电极上 DME 解离吸附和氧化的表面过
程和动力学，获得如下重要结果：
1. 研究了 Pt 电极上 DME 解离吸附和氧化反应机理。首先，DME 的解离吸
附抑制了Pt电极上氢的吸脱附。随电位升高，CV曲线中依次给出的两个氧化峰，
分别对应于解离吸附产物 DA 的氧化和 DME 的直接氧化。定量分析结果显示，
DA 在每个 Pt 表面位上氧化时所释放的平均电子数 n 为 1.265，主要包括 COL和
COB 的氧化，同时 n 值的大小还有可能受到其它电极表面过程的影响。
首次发现 Pt 电极上 DME 的电氧化具有显著的 pH 效应，即 DME 的电氧化
活性随溶液 pH 值升高而急剧降低，在 NaOH 溶液中几乎无活性，这有别于甲醇
等有机小分子。结合红外光谱数据，证明 H+离子参与了醚键断裂的催化过程，
即 DME 醚键上氧原子的质子化也是其发生解离吸附和氧化的必要条件之一。原
位 FTIR 反射光谱结果指出，COL、COB 为 DME 解离吸附产物，HCOOH、CO2
为氧化产物，并从分子水平提出 DME 在 Pt 电极上氧化的反应机理：低电位下(ES
＜0.55 V vs. RHE)解离吸附生成毒性中间体 COad，当 COad 氧化(ES＞0.55 V)后，
即可通过活性中间体(HCOOH)途径进行氧化生成 CO2。
2. 深入研究了 Pt 电极上 DME 解离吸附和氧化反应动力学。运用程序循环
伏安和程序电位阶跃暂态技术分别获得了 DME 在各个吸附电位 Ead下解离吸附
反应的平均反应速率、初始反应速率 ki 和时间常数 τ等动力学参数。与许多有
机小分子类似，DME 只能在某个电位区间进行相对较快的解离吸附，其平均反
应速率随 Ead 变化呈火山形分布。DA 达到半饱和吸附和饱和吸附分别需要 10

















研究结果显示，与 CV 负向电位扫描相对应，DME 在高电位区间(0.62＜ES＜0.90
V)同时经由活性中间体和毒性中间体氧化生成 CO2；在更低的电位区间内(ES＜
0.62 V)只发生解离吸附反应。通过 LSTR-FTIR 光谱获得了一系列 Es下 DME 解
离吸附和氧化的动力学参数。发现低电位区 COL的谱峰积分强度
LCO
I 随 t 的变化
符合一阶衰减指数关系；高电位区
LCO






I 随 t 线性增加；当 ES
高于 0.80 V 时，受 Pt 表面氧化的影响，CO2的生成速率显著减缓。
3. DME 电催化氧化具有铂单晶晶面结构选择性与温度效应。Pt(100)面具有




验数据解析，测得反应活化能 Ea 为 62.8 kJ·mol-1。
本论文深入研究了 DME 在 Pt 表面上的解离吸附和氧化过程。研究结果发展
了有机小分子电催化理论，对于设计和研制高性能电催化剂及促进 DDMEFC 的
应用开发等均具有重要的指导意义。
















As the simplest ether, dimethyl ether (DME) lacks of the C-C bond and has a high
energy density with negligible crossover effect. It is less toxic than methanol and
friendly to the environment. Thus, DME is being considered as one of the promising
candidates of alcohols for direct oxidation fuel cells. Since DME has an additional
methyl group compared to methanol, its electrochemical behavior appears quite
different and much more complicated.
The surface processes and kinetics of DME dissociative adsorption and oxidation
on Pt electrode were studied using cyclic voltammetry (CV), programmed potential
scan and step techniques, in situ (time-resolved) FTIR spectroscopy. The main results
are summarized below.
1. Mechanism of the dissociative adsorption and oxidation of DME on Pt
electrode. It was shown that the adsorption and desorption of hydrogen were
significantly suppressed by the dissociative adsorption of DME. As potential increases,
two oxidation peaks appear in the voltammogram, corresponding to the oxidation of
dissociative adsorbates (DA) and direct oxidation of DME, respectively. Quantitative
analysis results revealed that the average number of electrons released from DA
oxidation at each Pt site is 1.265, indicating COL and COB are the main DA. It has
found also that these results may be affected by other surface processes on the
electrode.
It has been demonstrated that the electrochemical reactivity of DME depends
strongly on the concentration of H+ ions. No perceptible reactivity of DME in 0.1
mol∙L-1 NaOH solution could be detected. This phenomenon contrasts sharply against
that of the case of methanol. Combined with the FTIR spectroscopic results, it was
confirmed that H+ ions take part in the elctrooxidation of DME, i.e., the protonation of
the oxygen atom in DME molecule is the key for the dissociative adsorption and
oxidation of DME. FTIR spectroscopy has detected in situly the COL, COB, HCOOH,
CO2 and other species involved in DME oxidation. A mechanism for the















information: CO as the ‘poisoning’ intermediate derived from the dissociative
adsorption of DME at low potentials (< 0.55 V vs. RHE), which is oxidized at higher
potentials; The oxidation of DME takes place via the reactive intermediate path
(HCOOH) to yield CO2.
2. Kinetics of the dissociative adsorption and oxidation of DME on Pt electrode.
Kinetics parameters, including average reaction rate  , initial reaction rate ki and
time constant τfor the dissociative adsorption of DME at a series of adsorption
potential (Ead) were obtained by using programmed potential scan and programmed
potential step techniques. It was demonstrated that  varied with Ead, yielding a
volcano-type distribution. It would take 10 and 90 s for DA to reach half-saturated
and saturated adsorption, respectively, indicating that the dissociative adsorption of
DME is a quite slow dynamic process.
It has revealed that the electrodeposited nanostructured thin film of Pt electrode
(nm-Pt/GC) exibits abnormal infrared effects (AIREs). Especially, the enhancement of
IR adsorption facilitates the study on the dissociative adsorption and oxidation of
DME. MSFTIR spectra illustrated that DME oxidizes to CO2 via reactive
intermediates and ‘poisoning’intermediates simultaneously at high potential region
(0.62＜ES＜0.90 V), and merely dissociatively adsorb at Pt sites in the potential
region below 0.62 V during the negative potential scan. Kinetics parameters for DME
dissociative adsorption and oxidation were obtained from in situ LSTR-FTIR spectra.
It was found that the integrated band intensity of COL (
LCO
I ) increases exponentially
(first order) against time (t) at low potentials, which has been affected by both of the
growth and oxidation rates of COL. Another adsorbed species HCOOad was detected
at low potentials, and its IR band intensity (
adHCOO
I ) increases first and then decreases
with increasing t, indicating that it is an unstable intermediate in DME dissociative
adsorption process. The CO2 species, which is produced mainly from the oxidation of
reactive intermediates, increases linearly with increasing t. But its formation rate













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
